which is essentially motion along the reaction coordinate, can thus absorb energy from the radiation field, and this accelerates the reaction.
Previous studies 1 have focused on the effect the radiation field has on the molecular dynamics, i.e., changes in the reaction probability (or cross sections) caused by the laser, and this paper ~onsiders the converse, the effect the molecular dynamics has on the radiation field, i.e., the absorption and emission of photons from the field caused by the collision.
More specifically, we consider in this paper the collision induced absorption (CIA) spectrum of a chemically reacting system. This is the analog of 2 well-known non-reactive CIA, the difference being the nature of the molecular collision process which gives rise to the absorption.
The primary motivation for this kind of theoretical study is that reactively induced CIA is a means of observing directly the molecular mechanics in the transition state region of the potential energy surface.
Thus unlike conventional scattering experiments, which can only prepare the system before collision and observe it after a complete collision,
-3-this process interacts with the system while it is in the transition state region. The CIA spectrum is, in fact, infrared spectroscopy of the transition state. The two major aspects of the process which are considered in this paper are the special features which arise for reactive trajectories, compared to non-reactive ones, and the additional structure appearing in the spectrum when a collision complex is formed.
To see the qualitative differences between CIA spectra for reactive and non-reactive processes, Section II first treats a particle passing over (reactive), or being reflected by (non-reactive), a one-dimensional potential barrier. Section III then presents the results for a more realistic model, the collinear H + H 2 -+: H 2 + H reaction, and it is seen to show many features similar to the one-dimensional model of Section II.
Finally, Section IV treats a modified H + H 2 -like system, the modification being to introduce a potential ~ at the saddle point of the potential surface. This well causes some trajectories to form a short-lived collision complex, and the CIA spectrum shows new features related to this.
Observation of the CIA spectrum would thus provide direct information about the mechanism of the reaction, i.e., whether it proceeds "directly" or through a short-or long-lived collision complex. field is necessary to describe spontaneous emission, it was amusing 3 
5
(though actually quite trivial) to note ' that this completely classical model also correctly describes spontaneous emission by molecular systems.
As shown in reference 3, the change in the energy of the radiation field during the collision is given by If this were a Boltzmann 6 distribution, then F(w) would be proportional to the standard expression for the absorption coefficient of a molecular system and would always be positive. For a state-and energy-selected collision process, however, this average is only over the angle variables conjugate to the bound degrees of freedom. For a collinear A +BC collision, for example, with a specific initial translational energy and a specific initial vibrational state of BC, the average over initial conditions is only over the initial phase of the vibrational degree of freedom.
As a consequence the averaged value F(w) need not be positive.
To illustrate the qualitative nature of C(.6t) and F(w) as a function of laser frequency, a simple one-dimensional potential barrier was studied, 1 2
The initial energy is given by ' and the trajectory is reactive or non-reactive for E 1 > 0 or E 1 < 0, respectively; cf. 
eV). For both C(6t) and F(w)
the NR result is very similar to conventional 2 collision induced absorption spectra in non-reactive systems, but the R case is seen to be qualitatively different: depending on the laser frequency w, the molecular system can either gain energy from or lose energy to the radiation field.
1
This was also indicated in previous studies where, depending on the translational energy and laser frequency, the reaction probability was either increased or decreased. where s = 2· r-R is the asymmetric stretch coordinate at the saddle point of the potential surface. This form for the dipole moment is qualitatively correct, although there is no reason to believe that it is quantitative.
Within the perturbative limit the constant ~O enters as simply a multiplicative constant in C(bt) and F(w).
The CIA spectrum F(w) is given in an exact calculation by F(w) = (3.4) where ~(t) is the molecular trajectory determined by integrating Hamilton '.s .
equations (generated from the Hamiltonian in Eq. Referring to the absorption spectra in Figures 5 and 7 , one sees that the collision system will absorb frequencies in the vicinity of the Absorption at the lower frequencies ( cf. Figures 5 and 7 ) , however, is more relevant to the process of our interest; it is related to translational motion along the reaction coordinate. It is this region of the absorption spectrum, therefore, that is most closely related to the reaction
\J ""' The correlation function for this system is shown in Figure 8 for a translational energy of 0.1 eV. Due to the changes in the surface caused by the well ~ 82% of the trajectories reacted, ~ 36% remained in the well for one or more complete vibrations, ~ 14% for two or more complete vibrations and ~ 2% for three complete vibrations. Due to these effects the correlation function has more structure than in the calculation without the well, and it retains a high,frequency oscillation due to the H 2 vibration. The first application of these formulae (Section II) was to a particle moving in one dimension over, or being reflected by, a potential barrier.
Application (in Section III) to a more realistic model of a chemical reaction, collinear H +H 2 , showed that the qualitative behavior seen in the one-dimensional model also appea~s in the more realistic model. Finally, the model treated in Section IV showed how the CIA spectrum is changed when the reaction mechanism involves the formation of a collision intermediate. It is effects such as this that would make experimental observation of these spectra informative of the reaction dynamics. . ::; .. -. 
